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2models from strings [16] we also argue that BFSS
M(atrix) quantum mechanics for large N contains
all string excitations. However this is not so for
nite N. To make contact with 11-th dimensional
theory BFSS identify matrix indices with 11-th
component of momentum in the innite momen-
tum frame (IMF). One can go further and identify
"colour" (or Chan-Parton) indices with the 11-th
component of momentum for string elds. This
interpretation gives a natural geometric picture of
the interaction in IMF and proposes to identify 
parameter of "light-cone-like" covariant SFT [19]
with 11-th component of momentum.
Having in mind that dynamics of solitons in
Sin-Gordon model is described by the Thirring
model and that
Sin  Gordon () Thirring
duality
3
has an explicit realization in the Man-









exists. A proposal how to get IIA SFT from zero-






[20] has been recently proposed in [21].
The presentation of the material is the follow-
ing. In Section 2 we sketch a general scheme of
getting solutions of eective low energy eld the-
ory and in Section 3 we discuss the SFT for the
Dirichlet superstrings.
2. Classical Composite p-brane Solutions
2.1. Algebraic method for nding solutions
To clarify the general picture of classical p-
brane solutions it seems useful to have solutions
in arbitrary spacetime dimension. In this section
results obtained in recent works [22] (see also [23];
the similar results was been obtained by T.Ortin
[24]) will be presented. In these papers a system-
atic algebraic method of nding p-brane solutions
in diverse dimensions was developed. A starting
point is an ansatz for a metric on a product man-
ifold. Using the Fock{De Donder harmonic gauge
3
About duality in QFT see [17,18]
we get a simple form for the Ricci tensor. Then
we consider an ansatz for the matter elds and use
the "no-force" condition. This leads to a simple
form of the stress-energy tensor and moreover the
equation for the antisymmetric elds are reduced
to the Laplace equation. The Einstein equations
for the metric and the equation of motion for the
dilaton under these conditions are reduced thence
to an algebraic equation for the parameters in the
Lagrangian.
















































The metric which solves equations of motion for



















































































































, b = 1; : : : ;M
I
are har-


















), b = 1; : : : ;M;
L = 0; : : : ; D   1 are electric and magnetic in-
cidence matrices. Their rows correspond to inde-
pendent branches of the electric (magnetic) gauge
eld and columns refer to the space-time indices.
The entries of the incidence matrices are equal
to 1 or 0. Incidence matrices for xed I have
equal numbers of units in each row, and there are
no rows which coincide. These matrices describe












































and the same for

. To make a contact with our











































=  1(+1) for the electric(magnetic)-branes.
2.2. S-duality
In order to demonstrate S-duality let us con-
sider a new action, which is obtained from the ac-
















ing the signs of the corresponding dilaton cou-







S-duality transforms the solutions of the theory
(1) into the solutions of the theory with a new






























One can check that the new incidence matrices
also satisfy the characteristic equations.
One can also perform S-duality transformation
(5) only for some branches of the elds. In this
case the dual theory may have more elds in com-
parison with the initial one.
2.3. Harmonic function rule
Our solution (2) has a very simple structure.
This becomes obvious if one rewrites the metric































































































(6){(8) gives the following rule for con-
structing a metric. For each space-time direc-





in an appropriate power.










) if the correspond-
ing direction belongs to the n-th (d 1)  electric










) if the corresponding direction is trans-
verse to (d 1)  electric ((D d 3)  magnetic)




are the same as in
the corresponding single brane [8,9].
2.4. T -duality
Let us consider generalized T -duality transfor-
mations. T -duality transforms solutions for the
action (1) with one set of elds into solutions
with another set of elds. We perform T -duality




coordinate, q  i
0
 D   s   3. T-duality
acts on the brane incidence matrix 
RL
as fol-
lows. We select the i
0
-th column, change 1 into
0 and vice versa and obtain a new brane inci-
dence matrix. This matrix satises the character-
istic equation if we simultaneously change dilaton





are connected with the old
ones ~
R












































These relations give rather restrictive conditions
on the initial theory parameters.
3. SFT for Dirichlet strings
We start with the bosonic part of the world-
sheet action for a free (super)string in at space-





























where M is a surface with the boundary. To
perform the covariant quantization we add ghost
c(; ) and antighost b(; ) elds.
In the covariant string eld theory (SFT) the
string eld A is a functional of the basic string
variables. These in conformal gauge are the
bosonic coordinates x

(;  ) ,  = 0; :::9, the
ghost and antighost variables c(;  ), b(;  ) and






(;  ) with cor-
responding ghosts (;  ) and (;  ) (see [12]
for more details). Below for simplicity we will
write only the formula for bosonic string. To deal
with D-p-branes we suppose that the rst p + 1
components of x satisfy the Neumann boundary
conditions and the last components satisfy the
Dirichlet boundary conditions. More precisely, let
 2 [0; ] be the normal coordinate and  be the
tangential coordinate on an open string world-
sheet and dene z = e
+i
. A "real" open string
congurations x






= 0 at  = 0; .
x

































D-brane has Dirichlet boundary conditions x
i
= 0
at  = 0; :
x
i
































Neumann boundary conditions correspond to
open strings with free ends (which move at the
speed of light). Dirichlet strings are open strings
attached to a xed surface or point { the D-brane
(in this case Æx
i
0
is the displacement between two
endpoints of an open string). We left unchanged





















We will use a bosonized language for the ghosts
where they are replaced by a scalar eld  and
one can treat it as an 11-th coordinate ( = 10).
The basic starting point of the Witten SFT is
a non-commutative dierential calculus in string
space. This calculus is given by a triplet:
(H; Q; ), where
i)H is a Hilbert space with scalar product ( ; );
this Hilbert space consists of string elds;
ii) Q is a nilpotent operator (an analog of a
derivation);
iii) a wedge product .
Q is the BRST operator. The scalar product































and it represents a folding of the string about its
midpoint. The reason for this denition is that
for achieving the following property of integration
R
QA = 0: The wedge product with two string






























































+ ); 0    =2: The string eld La-






A A A) (12)
It is invariant under gauge transformations
ÆA = Q+A     A (13)
This gauge invariance immediately follows from
the properties obeying by the Q;  and
R
:
i) associativity A  (B C) = (A B) C;




iii) integration "by parts",
R



























Figure 1. A D-brane sandwich in 11 dimensions








is the ghost number. The




In the case of N D-p-branes we deal with matrix





























); i = p+ 1; :::9;
For our purposes it is enough to consider Æx
i
= 0.
It is convenient for us to select an expect depen-



















means only the oscilla-
tions of right and left parts of strings. We as-
sume that these functionals may be considered as
elds describing M-theory in 11 dimension in the
innite momentum frame (IMF). More precisely,


























































Figure 2. String interaction from 11-th dimen-




























Tr(A A A) (17)
The interaction is presented on Fig.2 .
A D-brane sandwich of open strings gives rise


























 = 0; 1; ::9; ;  = 0; 1; :::p; i= p + 1; :::9:
S =
R
(A  QA) for the elds (18) gives the
















[14] as non-commutative coordinates of D-brane
(compare with attempts of dealing with non-
commutative structure of space-time in frame-
works of quantum groups [26]). The interaction
term (12) after integration over the ghost and
auxiliary elds will reproduce a reduced version
















super Yang-Mills action for NSR superstring). If
one takes p = 0, D-particle, then the zero-modes
theory is matrix N=8 super quantum mechanics.
Now we will show that all highest string exci-
tations can also be encoded in zero-mode matrix
elds. The trick is based on the following con-





with lattice spacing a. String is a contour
on the lattice and to specify the string congu-
ration it is necessary to specify the initial point,
say x, as well as links along which the string lies.
Let  
x
(l) be the space of all strings on the lattice
Z
D







(l) are isomorphic for any
x; y 2 Z
D
and we have a nite number, say N
elements which can be enumerated in some way.
It is convenient for us to imagine the string of
























Here x is a middle point and 
i
i = 1; :::2k are
directions of string links and e

is an unit vec-
tor along -direction. For the Dirichlet string













(l) and its elements can be nu-













The elements of the left halves  
L
x
(2l) can be nu-





One can use the following notations: any string
of length 2l with midpoint x will be denoted
as (x; a; b), where a species the right half of
string and b numerates the left half of the string.
Therefore a scalar functional A[] on the string




(x); a; b = 1; :::N; x 2 Z
d
and in continuous case one gets an isomorphism
strings () 11-matrices
Therefore we get a matrix realization of the Wit-
ten algebra where elds are matrix 
ab
(x) de-














trA(x). It is clear
that the condition i) is satised.
It is obvious that for Dirichlet strings ending





and for the case of p = 0 we left with ma-
trices depending only on one parameter.
In the case when there is one compact direction,
say x
p+1
, the state j0 > is specied by an extra
integer parameter n (winding number), that gives






















(0) + 2RnI, that can be col-

















































 = 0; :::p; i = p + 2; :::9: In the case of p = 0
this construction produces the d = 2 N = 8 super
Yang-Mills on the cylinder.
In the case when we have from beginning two
D-branes, D-p and D-p' branes, the Witten inter-
acting vertex produces the states corresponding
to an open string which is attached at one end to
a D-brane while the other end is free. In this case



























= p+ 1; :::p
0
: Note that this string has no zero
modes and it does not produce the new massless
elds. This gives an explanation of the harmonic
superposition rule.
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